Abstract-Subchronic effect of weak combined magnetic fields (MFs) on spatial memory and level of brain β-amyloid (βA) was studied in mice with ablation of the olfactory bulbs and control sham-operated (SO) animals. The bulbectomized (BE) mice show the main signs of Alzheimer's type degeneration such as memory impairment, the increase of the βA level in the brain, pathology in the acetylcholinergic system, and the loss of neurons in the brain structures responsible for memory [5] [6] [7] 9] . The combined MFs consisted of the constant component 42 µT and of the variable component 0.08 µT The variable field was the sum of two signals of frequencies of 4.38 and 4.88 Hz. Exposure to the MFs (4 hours for 10 days) induced the reduction of the βA level in the brain of the BE mice, but did not protected their memory from impairment. However, the same MFs improved the spatial memory in SO mice. The beneficial effect of the MFs in the SO animals was prolonged and was revealed for a month after exposure to the MFs. The results suggest that the MFs can be used to prevent the Alzheimer's disease in a group of risk as well as in other diseases involving amyloid protein deposition in different tissues.
INTRODUCTION
β-amyloid (βA) is a key pathogenic agent in Alzheimer's disease (AD). The abnormal amyloidogenesis, leading to βA protein deposition in the extracellular and perivascular spaces of the brain, is one of the main causes of neuron death in AD. Therefore, efforts of many researchers are focused on investigation of methods to prevent the βA deposition and to remove the senile plaques, formed by βA, from the brain. The efficiency of this approach was demonstrated in transgenic animals carrying the inserted human gene of βA precursor protein. The cleaning of their brain from amyloid plaques, caused by immunization against βA, was accompanied by recovery of spatial memory [1] . However, this method has a number of negative side effects in patients with AD. Therefore, the problem of removing of βA aggregates from the brain remains quite important.
Earlier we studied the mechanisms of the effect of weak combined magnetic fields (MFs) on properties of aqueous solutions of various biologically active ions and also proteins and peptides [2] [3] [4] . We used the low-frequency variable component with strength about 10 nT and constant component with strength comparable to the geomagnetic field. According to our proposed algorithm the frequencies of the variable component of the MF formally corresponded to the cyclotron frequencies of ionic forms of a number of amino acids at a ratio between the inductions of the constant and variable components of 500-3000. Such MFs have an extremely high biological activity; in particular, it was shown that its can accelerate the decomposition of the βA into soluble peptide fragments with a decreased neurotoxic effect and with less capability to form the insoluble aggregates.
In this work the effect of the weak combined MFs was studied in vivo in bulbectomized (BE) mice. Previously we showed that ablation of olfactory bulbs induced the behavioral, morphological, immunological, and biochemical signs similar to AD in mice, rats, and guinea pigs [5] [6] [7] [8] [9] . BE animals demonstrated pronounced impairment of the spatial memory, an increase in the βA level in the brain, pathology in the acetylcholinergic system, and the loss of neurons in the brain structures responsible for memory. Therefore, BE animals are a valid model of sporadic AD.
METHODS
The experiments were carried out on 3-month-old male NMRI mice weighing 25 ± 0.6 g. Animals were allowed food and water ad libitum and housed in groups of eight in standard laboratory cages under 12 h: 12 h light-dark conditions (light from 8.00 AM) at 21-23 • C. Bulbectomy was performed under Nembutal anesthesia (40 mg/kg, ip) using a 0.5% Novocain solution for local anesthesia in scalping. The olfactory bulbs were removed bilaterally by aspiration through a rounded needle attached to a water pump. Single burr hole of 2 mm diameter was drilled over the olfactory bulbs, using a stereotaxic coordinates (AP-2; L 0; H 3.5). The extent of the lesion was assessed both visually and histologically at the end of the experimental study. The control was shamoperated (SO) mice, subjected to the same procedures except the olfactory bulb ablation. The BE and SO animals were exposed to the weak combined MFs five weeks after bulbectomy. A setup for generating a MF consisted of two pairs of coaxial Helmhollz coils oriented along the geomagnetic field vector. A direct current was supplied to one of the pairs of coils to generate a constant component of MF with induction of 42 µT. An alternating current signal produced by a programmable sinusoidal current generator was fed to other pair of coils to create a variable component of MF with induction of amplitude of 80 nT. The current signal was the sum of two signals with frequencies of 4.38 and 4.88 Hz, which correspond to the cyclotron frequencies of lysine and aspartic acid, respectively. In this case, the magnetic induction vectors of the constant and variable components of the field were aligned. The MFs were measured with a Mag-03 MS 100 threeaxial MF sensor (Bartington Instruments Ltd, United Kingdom). The animals were exposed to MF in 4-h sessions for 10 days. The experiments were carried out in the presence of the natural and technogenic magnetic backgrounds with an induction of 50-Hz component of 20-40 nT. The SO and BE animals without exposure to the weak combined MFs were groups of active controls. They were under activity of natural geomagnetic field with an induction of −40 − 42 µT and at the same magnetic noise level as for the test groups.
After exposure to the MF, the mice were trained in a Morris water maze for 5 days (four trials per day). Experiments were performed in a test room with extra-maze cues to facilitate spatial learning. A circular swimming tank (80 cm diameter and 40 cm wall height with an escape platform of 5 cm-diameter) was filled to depth of 30 cm with water at 23 • C and rendered opaque by adding powdered milk. The tank was mentally divided into four sectors: The escape platform was located in the middle of the third quadrant during training. It was submerged to a depth of 0.5 cm so as to be invisible to a swimming animal during the whole period of training. Latency to reach the invisible platform was then determined. If the animals failed to locate the platform within test period for 60 s, they were placed on the platform for 10 s. Spatial memory was tested on the following day after completion of training in the absence of the hidden platform. During the test period (60 sec), occupancy time spent in each sector was recorded. To reveal the possible aftereffect of the MF, in a month, the animals were trained again in the water maze where the escape platform was placed into another sector. Procedure of training and testing of memory were repeated. After behavioral experiments the mice were decapitated under anesthesia. The neocortex and the hippocampus were removed, and the β-amyloid level was determined in extracts of these brain structures using a modified DOT analysis described earlier [5] . In this method, a nitrocellulose membrane was pretreated for 1 min with 40% ovalbumin in phosphate buffer and then for 10 min with 2.5% glutar aldehyde, samples were applied to the membrane, and the membrane was kept for 1 h in 4% ovalbumin in phosphate buffer with 0.1% NaN 3 . Statistical analysis of the spatial memory training and testing was carried out with ANOVA using the ANOVA statistical package "Statistica 6.0". The p values were reported for repeated measures. The preference for platform target sector in comparison to other indifferent sectors was assessed by post hoc analysis using a multiple-range LSD test. The statistical significance of the difference of βA level was evaluated using two-tailed Student's test. All data were expressed as mean ± sem. All animal experiments were performed in accordance with the guidance of the National Institutes of Health for Care and Use of Laboratory Animals, NIH Publications No. 8023, revised 1978.
RESULTS AND DISCUSSION
The data in Table 1 show that the latencies to reach the escape platform were not significantly different in animals of different groups in each day of training; however, the average latency in the SO animals were significantly lower than in the BE mice. It indicates the decreased ability to study spatial skills in the BE animals. The exposure to the MF decreased the average latency in the SO animals only. The data suggest that the MF does not affect the learning rate in the BE mice and that the SO animals have an increased sensitivity to the MF. One month after exposure to the MF the SO animals demonstrated an increased latency on the first day of retraining. The reason for this could be the high level of spatial memory, which allows these mice to remember, where the escape platform was located at the first training and makes difficult to find its new location. This effect of the MF was not revealed in BE mice.
The results of the factor analysis are presented in Table 2 demonstrate not significant factor of sector preference for both groups of BE and BE exposed to MF (BE+MF). This indicates that The significance of the differences is indicated with respect to SO animals: *p < 0.05; **p < 0.01 c and ***p <0.001.
these mice have no preference for any sector of the water maze. The SO animals exposed to the same MF demonstrated a significant increase in the factor of sector preference. It was due to the recognition of the sector, where escape platform is located during training, as the results of the Post hoc analysis revealed (Fig. 1) . After retraining period, animals of all groups showed reliable means of the factor of sector preference (Table 2 ). However, results of the post hoc analysis, presented in Fig. 2 , showed the significance preference of sector, in which platform was located during retraining period only in groups of SO animals, especially in SO mice, exposed to the MF. Both groups of BE mice (BE and BE+MF) demonstrated the loss of spatial memory (Fig. 2) . Table 1 .
Thus, the behavioral study revealed that the BE mice did not remember the sectors, in which the saving platform was located during training and retraining periods. It supports our previous data on the impairment of the spatial memory in BE animals [5, 9] . The subchronic exposure to the weak MFs did not affect spatial memory of these animals. However, the MFs improved the memory in SO mice. The beneficial effect of the MF on the memory of these animals persisted for 0.003** Significance of Factor: * -p < 0.05; ** -p < 0.01; *** -p < 0.001. a month after exposure to the MF. Table 3 presents the absolute values of βA level in the extracts of the neocortex and the hippocampus in different groups of experimental animals. The sensitive DOT analysis revealed that the βA level in the extracts of the BE animals was more than five times higher (p < 0.001) in comparison to SO mice. The exposure to the MF induced the reliably decrease the βA level almost threefold (p < 0.01), but it was higher then in SO mice (p < 0.05). The significance of differences from the group of SO mice: * p < 0.05 and * * * p < 0.001. The significance of differences from the group of BE mice:
## p < 0.01.
Thus, we revealed the reduction of the βA level in the brain of BE mice after exposure to the weak MFs. As already noted, we failed to detect the improving of their spatial memory. The absence of the positive effect of the weak MFs on spatial memory of BE mice can be explained by different causes. 1) Insufficient reduction the βA level in the brain. Its deposits are known to impair the nerve impulse transmission and. thereby, the memory. 2) The massive neuronal death in the cortex and the hippocampus of the BE mice, which was previously detected in these animals [6] . Therefore, we suggest that exposure to MFs should be applied prior to the loss of neurons on earlier stage of the neurodegeneration. Weak combined MFs can be an efficient way to prevent the development of AD. Note that there are different points of view on the effect of MF on the neurodegenerative processes. Some researchers consider the exposure to MF as a potential risk factor for neurodegenerative diseases [10] , whereas others deny it [11] . Furthermore, there is evidence of a beneficial effect of MF on the cognitive processes and the visual memory in patients with AD [12, 13] . The MF using opens new possibilities of treating this severe disease.
Another way to increase the MF efficiency is the variation of its parameters. However, MFs have a broad effect on biological systems. Such MFs inhibit malignant tumor growth in experimental animals [14] due to stimulation of the tumor necrosis factor production [15] . It decreases the protein protection of DNA molecules against the action of DNase I in the mouse brain tissue and in aqueous solutions [16, 17] , changes the microenvironment of protein macromolecules in aqueous solutions [18] , and abruptly accelerate the spontaneous hydrolysis of proteins and peptides to form peptide fragments [4] . Our investigation gave interesting results, showing the significant improvement of the spatial memory in the SO animals under the action of the MF. This beneficial effect persisted in SO animals in a month. A lot of researchers suggest that the nervous system is very sensitive to weak MFs [19] . There is evidence that MFs, selectively activating the limbic structures of the brain, increase the resistance of animals to emotional stress [20] . Since the training in a water maze induces the stress in animals, in our experiments the MF may protect SO animals from development of the stress, which affected the rate and quality of their learning of the spatial skills. Thus, the data suggest that MFs can be applied for preventive purposes in a group of risk of AD.
